A novel instrument has been developed to monitor and record the ambient parameters such as temperature, atmospheric pressure and relative humidity. These parameters are very essential for understanding the characteristics such as gain of gas filled detectors like Gas Electron Multiplier (GEM) and Multi Wire Proportional Counter (MWPC). In this article the details of the design, fabrication and operation processes of the device has been presented.
Introduction
Keeping in mind the emerging needed to build and test micro-pattern gas detector (MPGD) such as Gas Electron Multiplier (GEM) for several upcoming High-Energy Physics (HEP) experiment projects [1] , we have also taken up an initiative to build and characterise the performance of such detectors. Temperature (t), atmospheric pressure (p) and relative humidity (RH) monitor and recording is very important for understanding the responses of the gas filled detectors [2] . The effective gain of the GEM varies with absolute temperature T (=t+273) in Kelvin and pressure p in atmospheric pressure as G(T /p) = Ae B T p (1) where, A and B are fit parameters, determined by fitting the curve of measured gain and T p by the exponential function [3] . Here t is expressed in
• C.
The data logger designed here measures temperature, RH and atmospheric pressure. The system consists of two parts one is hardware based data acquisition system (DAQ) and other one is the corresponding DAQ Software. The hardware DAQ system is designed with a micro-controller based system with a 16×4 line Alphanumeric LCD display unit. The display unit can update with a minimum of 2-3 sec interval. The interval can be made longer to about a few minutes. The hardware DAQ system has one external power port for 9 V DC and one RS232 communication port to interface to a PC for interfacing with data logger software. The DAQ system transmits the measured information with following units, temperature in • C, RH in % and atmospheric pressure in mbar. The details of the fabrication and operation of the data logger is presented.
The paper is organised as follows. In the next section we discuss the data logger in terms of the circuit diagram, micro controller algorithm and LabView programming. The section 3 discusses the operation of the data logger. In section 4 we present some typical measurements of temperature, pressure and relative humidity. Finally in section 5 we summarise and present a brief advantages of such a data logger.
Description of the data logger
The data logger hardware unit is shown in Figure 1 and the display screen is shown in Figure 2 . For the data logger the power supply specifications are as follows: Input Voltage is 230 Volt at a frequency of 50-60Hz; Output Voltage is 9-12 V DC and Output Current is 500-750 mA.
The detail circuit diagram of the data logger is shown in Figure 3 . In this data logger LM35 temperature sensor, BMP085 pressure sensor and DHT11 humidity sensor have been used. The LabView block diagram are shown in two parts in Figure 4 . The algorithms for the Micro controller and for the LabView programming are the following: 2. The DHT11 is initialized for single wire two-way communications and BMP085 is initialized for I2C two-wire communication.
3. The LM35 precession temperature sensor is interfaced to the inbuilt 10bit ADC of the controller.
4. The analogue voltage corresponding to the temperature are sampled with a 20ms sampling interval. The controller stores 50 such samples in the specified memory array and removes the high frequency noise by averaging method. 5. Read the BMP085 pressure sensor using I2C communication method.
6. Read the DHT11 Humidity sensor and using single wire bi-directional communication method.
7. Display the temperature in degree Centigrade and atmospheric pressure in mbar in the 16x4line Liquid Crystal Display unit interfaced to the controller. 8. The controller check for the command from the computer to send data, if received then send all the information to the PC in a string format and go to step no. 4, else the control goes to step no. 4.
Algorithm of LabView Programming:
1. The LabView based program is designed to read the data from the microcontroller by sending a Read Command and the interval of reading can be set by the user.
2. The string received by the PC is defragmented to separate the data and initial markers.
3. The data is further processed to convert in different scale and display graphically on a dynamic window. 4. The temperature, relative humidity and atmospheric pressure are displayed in numerical and gadgets also in different tabs.
5. These numeric data are stored in a spreadsheet file continuously for logging and the same data is used for correction and calculation purpose. After completing this procedure the control goes to step 1 to repeat the procedure.
The flow chart for the Micro controller and LabView programming are shown in Figure 5 and 6 respectively.
The parameters for the data logger are as follows:
1. Temperature: Measurement of temperature can be done with 0.25
• C assured accuracy. The rated full range of measurement is from 0
• C to 150 • C. It has very low self-heating with resolution ∼ 0.01
• C. 2. RH: Measurement of RH can be done with 1% resolution and with 4% accuracy. The stability varies ±1%RH/Year and the hysteresis is 1% RH.
3. Pressure: Measurement of pressure can be done with a range: 300-1100 hPa (+9000 m to -500 m above sea level). Low noise: 0.06 hPa (0.5 m) in ultra low power mode. 0.03 hPa (0.25 m) ultra high resolution mode and less than 0.1 m is possible with software averaging algorithm.
Data logger software and it's operation
The data logger software is designed and developed with LabView platform of National Instrument, USA [4] . The software developed with an idea to provide maximum user friendly operation. There are multiple tabs in the application named as follows:
Setup: Basically this tab is used for the user to configure the DAQ system as per the requirement. The set-up tab is shown in Figure 7 . The software operations are as follows:
1. The communication port (COM PORT) needs to be selected properly.
2. The sampling interval in msec needs to be entered by the user.
3.The file path needs to be entered for data storing.
Gadget: In this tab the parameters are displayed in Gadgets for example, pressure and RH in two separate Dial Gauge. The temperature in • C and • F is displayed in a thermometer. The gadget tab is shown in Figure 8 .
Numeric:
In Numeric Tab all the parameters are displayed in numerical windows for example, pressure in mbar , RH in % , temperature in
• C and • F in decimal format. The numeric tab is shown in Figure 9 . 
Graphic: In this Tab all the parameters temperature in
• C or in • F, RH in % and pressure at in mbar/100 are displayed on a line graph window with respect to time axis. The graphic tab is shown in Figure 10 [5, 6] .
Result
The temperature, pressure and RH measured in 24 hours has been plotted as a function of time in Figure 11 . The variation of these three ambient parameters during the day and night is observed and recorded in our laboratory situated in Bhubaneswar, India. These three ambient parameters measured continuously for 15 days in an interval of 60 seconds has been plotted as a function of date-time in Figure 12 . A periodic variation in pressure is observed everyday. This particular data set has a special significance. During 12-13 October 2014 there was a high depression in the environment along with a storm (cyclone Hudhud) in the coastal region of Andhra Pradesh and Odisha (area of our institute where the measurements are taken). So the signature of cyclone Hudhud is captured by the data logger. This data logger shows a very low pressure compared to the average normal value, particularly on those two days.
Conclusions and outlooks
A data logger to monitor and record the atmospheric parameters such as temperature, relative humidity and pressure in a laboratory set-up for gas filled detector has been developed. With this data logger continuous recording of temperature, atmospheric pressure, relative humidity and the time stamp can be done with a programmable sampling interval. This instrument is very cheap and the data of temperature, atmospheric pressure and relative humidity, measured by this instrument are very essential to understand the gain of a gas filled detector such as GEM, MWPC.
